Aims: To test the hypotheses that stronger policy environments are associated with less impaired driving and that drivingoriented and drinking-oriented policy subgroups are independently associated with impaired driving.
------IJADR 4(2) ------Since all states have multiple alcohol policies with various levels of implementation (National Institute of Alcohol Abuse and Alcoholism, 2013) , it is important to assess the overall impact on alcohol-impaired driving from the alcohol policy environment, conceptualized as the combined effect of concurrent policies and operationalized as composite policy measures.
Furthermore, we hypothesize that the overall policy environment can be conceptually divided into two subgroups, one group consisting of drinking-oriented policies and the other group consisting of driving-oriented policies. Prior research on the effect of individual policies has demonstrated that both driving-oriented policies and drinking-oriented policies can reduce alcohol-impaired driving and alcohol-related crash fatalities (Birckmayer, Boothroyd, Friend, Holder, & Voas, 2008; Cummings, Rivara, Olson, & Smith, 2006; Grube & Stewart, 2004; Popova, Giesbrecht, Bekmuradov, & Patra, 2009; Rammohan et al., 2011; Wagenaar, Salois, & Komro, 2009; Wagenaar, Tobler, & Komro, 2010; WhettenGoldstein, Sloan, Stout, & Liang, 2000; Williams, 2006) . The aims of this study were 1) to test the primary hypothesis that the state overall alcohol policy environment is associated with self-reported impaired driving; 2) to assess whether two policy environment subgroupsdivided theoretically from the overall environment into driving-oriented policies and drinking-oriented policiesare independently associated with impaired driving; 3) to explore whether binge drinking mediates the association between state alcohol policy environment and impaired driving; and 4) to ascertain whether the driving-oriented policies moderate the association between binge drinking and impaired driving.
Methods

Developing Scales to Represent the Policy Environment -Overview
A detailed description of the development of Alcohol Policy Scale (APS) scores has been published previously (Naimi et al., 2014) . Because there was no gold standard by which to develop composite variables to operationalize the policy environment, we engaged a panel of 10 alcohol policy experts (Naimi et al., 2014 ) using a modified Delphi approach. The policy experts assisted our investigators with three tasks: 1) nominating and selecting existing alcohol policies; 2) rating the relative efficacy of those policies; and 3) developing implementation ratings for each policy.
Policy Selection, Policy Efficacy Ratings
Forty-seven alcohol control policies were initially nominated by panelists as being effective at reducing excessive alcohol consumption and related harms at the population level . Since this was a U.S. study, we excluded policies that did not exist in the United States. We also excluded federal policies, those that did not vary across states, and those without reliable crossstate data. Examples of excluded policies were blood alcohol content (BAC) .05 laws (which do not exist in the United States), restrictions on marketing and mass-media advertising (not promulgated at state level), public intoxication laws (no variance at the state level), and mandatory substance abuse assessment for impaireddriving offenders (absence of reliable data). Policies excluded due to inadequate or missing data tended to have low efficacy ratings (those policies excluded due to inadequate or missing data had a median rank of 32 out of original 47 policies). Ultimately, 29 policies met criteria for inclusion in the policy scale. Each panelist's efficacy ratings for each policy included four distinct outcome domains: reducing binge drinking among adults, reducing impaired driving among adults, reducing drinking among underage youth, and reducing drinking and driving among youth. Efficacy ratings for reducing impaired driving among adults were used for these analyses. Prior to rating, investigators developed standardized descriptions of each policy. Panelists then independently rated the efficacy of each policy for reducing impaired driving based on 5-point Likert scale (1 = low efficacy, 5 = high efficacy) (Naimi et al., 2014; . Additional detail about the efficacy rating process and average efficacy scores for each policy are summarized in a separate manuscript .
Implementation Ratings
In consultation with panelists with expertise in particular policies, investigators developed an implementation rating based on provisions or characteristics of each particular policy. Factors informing the implementation rating were typically based on a policy's statutory design (i.e., provisions making the policy broadly applicable, effective, or enforceable). The implementation-rating scales were reviewed by all panelists and revised based on their feedback. For all policies, the implementation-rating score for each policy, by state and year, could range from 0.0 (no policy) to 1.0 (full implementation) (Naimi et al., 2014) . Implementation-rating criteria applied to each policy were uniform across state-years.
Aggregating Policy Data to Calculate Alcohol Policy Scale Scores
Several methods were used to aggregate policy data into APS scores for each state-year. Method 1 was based on a summation of one point for each existing policy. Method 2 involved summing the efficacy ratings of all existing policies. Method 3 involved summing the implementation ratings of all existing policies. Methods 4 and 5 involved summing the products of efficacy and implementation ratings of all existing policies. In Method 4 the efficacy ratings were determined directly by rescaling the Likert scale ratings (i.e., [ER−1] / 4), while in Method 5 efficacy ratings were transformed by taking the inverse of their efficacy rank relative to other policies. The approach for Methods 4 and 5 is a commonly utilized aggregation technique in composite indicator literature that involves summing weighted and normalized sub-indicators (Nardo et al., 2005) . Scores for all five methods were then divided by their respective maximum possible scores and multiplied by 100 to rescale them within a theoretical range from 0 to 100. The purpose for this rescaling was to place ------IJADR 4(2) ------all scores on one scale that would make them comparable across methods. The general formula to calculate the APS scores for methods 4 and 5 is
where j = state; h = year; k = policy; ER = efficacy rating; IR = implementation rating; M=Maximum possible score.
Grouping Policies into Drinking-and DrivingOriented Policy Subgroups
Alcohol policies were divided into two mutually exclusive groups: drinking-oriented and driving-oriented policies (Appendix 1). Drinking-oriented policies regulate alcohol production, sales, consumption, or furnishing (e.g., alcohol taxes, prohibiting sales to intoxicated patrons). Drivingoriented policies included those that regulate driving and are intended to act by preventing or restricting an already intoxicated person from driving (e.g., blood alcohol content of .08, sobriety checkpoints). APS subgroup scores were calculated for each state-year using the same formula for Method 5.
Data Sources
For policy data sources, only sources with data for all 50 states and Washington, D.C., that used uniform ascertainment methods across states were included (Naimi et al., 2014) . The primary policy data source was the Alcohol Policy Information System (National Institute of Alcohol Abuse and Alcoholism, 2013), which was a source for 14 of the 29 policies and was the primary source for 13 of these policies. Eighteen additional data sources were used to collect and code data about policies and provisions (Naimi et al., 2014) .
Investigators reviewed the data for each policy to identify missing or inconsistent data and to identify data that changed briefly before returning to its original form. When multiple data sources were available for a particular policy, we cross-checked data sources for consistency. Discrepancies were resolved by a public health lawyer using the legal research database WestlawNext. Data for these covariates were obtained from several sources .
Assessing Relationship between APS Scores and State-level Impaired Driving Prevalence
For all state-year strata, simple linear regression was conducted using state-year APS scores of each scoring method to predict state-level prevalence of alcoholimpaired driving for all 50 states and Washington, D.C. Goodness-of-fit was evaluated using R-squared. A 1-year lag between the APS exposure variable and impaired driving prevalence outcome was assessed (e.g., APS scores in year X were associated with impaired driving prevalence in year X + 1). To adjust for the clustering of repeated measures of the same state, we also employed the generalized estimating equations (GEE) method to compare to results based on linear regression, as well as longitudinal analysis approach to relate APS scores to the trajectories of state alcohol-impaired driving prevalence.
Relationships between APS Scores and Individuallevel Impaired Driving
A GEE approach was used to assess the bivariate relationship between APS scores and individual-level adult self-reported impaired driving outcomes. Models were constructed by sequentially including individual-level covariates, year, and a number of important state-level covariates in 3 separate models. We also examined the relationship between APS scores and individual-level impaired driving in analyses stratified by year. Because demographic variables contain multiple categories (e.g., race and ethnicity), we conducted stratified analyses by individuals' demographic variables to examine differential associations between policy environment and impaired driving. To explore whether adult binge drinking is a potential mediator, we assessed whether binge drinking attenuates the association between APS score and impaired driving outcomes in the adjusted regression models. To assess the driving-oriented policy subgroup as a potential moderator, we evaluated the interaction term between two continuous predictors of impaired driving (driving-oriented policy scores and binge drinking prevalence).
To assess the relationship between APS scores and adult impaired driving outcomes, the change of odds of adult ------IJADR 4(2) ------impaired driving was associated with an absolute 10 percentage point difference in the APS scores; this difference was similar to the interquartile range of APS scores among these 255 state-years of data (interquartile range = 10.9 out of a maximum possible APS score of 100). Similar to state-level analyses, a 1-year lag between the policy exposure variable and drinking outcomes was used in all analyses.
Results
State Variation in APS Scores
The alcohol policy environment differed across U.S. states. Using 2009 as an example, Figure 1 shows the distribution of APS scores for all 50 U.S. states and Washington, D.C., using Method 5 (the method that incorporated the policy efficacy ranks and implementation rating). The scores were approximately normally distributed. Montana had the lowest APS score and Oklahoma had the highest APS score.
Relationship between APS Scores and State-Level Impaired Driving Prevalence
In bivariate analysis, all five methods for calculating the APS score were strongly correlated with one another and inversely associated with impaired driving prevalence among adults for an increase of 10 percentage points in APS scores (e.g., Method 5 beta = −0.45; p < .0001, Table  1 ). In bivariate analyses, APS scores calculated by Method 5 explained the greatest proportion of variance of impaired driving (R² = 0.265) among the five methods. In a model adjusting for state-level covariates, the inverse relationship between the APS score (based on Method 5) and state-level impaired driving prevalence remained highly significant (beta = −0.21; p = .0036, data not shown).
Similar effect estimates were observed from GEE method (beta = −0.46; p < .0001) that adjusted for the clustering of the repeated measures of the same state over the study period. We also conducted longitudinal analysis relating the change of state-level APS scores to the change in statelevel impaired driving prevalence. Longitudinal analysis yielded consistent unadjusted and adjusted (with covariates) effects of APS (Method 5) scores on impaired driving prevalence for a 10 percentage point increase in APS scores (unadjusted beta = −0.34; p < .0001; adjusted beta= −0.20; p = .008). a Alcohol-impaired driving prevalence was obtained from BRFSS surveys and was defined by report of any number above zero in response to the question "During the past month, how many times have you driven when you've had perhaps too much to drink?" b An absolute 10 percentage point increase in the state Alcohol Policy Scale (APS) score was associated with impaired driving outcomes using a one-year lag between APS scores and alcohol-impaired driving outcomes (APS scores in year X were associated with alcohol-impaired driving prevalence in year X + 1) in linear regression models. c Method 1 was calculated by summing one point for each existing policy. d Method 2 was calculated by summing the efficacy ratings of all existing policies in a particular state-year. e Method 3 was calculated by summing the implementation ratings of all existing policies in a particular state-year. f Method 4 was calculated by summing the products of implementation and efficacy ratings of all existing policies in a particular state-year after rescaling the efficacy ratings (i.e., [ER−1] / 4). g Method 5 was calculated by summing the products of implementation ratings and the inverse of the efficacy-rating ranks of all existing policies in a particular state-year.
Figure 2
Scatterplot of state Alcohol Policy Scale scores and state alcohol impaired driving prevalence
Relationship between APS Scores and IndividualLevel Alcohol-Impaired Driving
An absolute 10 percentage point increase in the APS scores was associated with a 15-20% reduction in odds of impaired driving according to bivariate analyses ( The association between APS and impaired driving did not differ significantly in analyses stratified by sex and age (Table 3) . However, there were significant differences by race and ethnicity. A significantly, inverse association between the APS score and impaired driving prevalence was observed among Non-Hispanic Whites (AOR: 0.88; 95% CI: 0.85, 0.91), while no significant association was observed among Hispanic, Non-Hispanic Black, or NonHispanic other race groups.
------IJADR 4(2) ------ a Alcohol-impaired driving data were obtained from Behavioral Risk Factor Surveillance System surveys and were defined by self-report of any number above zero in response to the question "During the past month, how many times have you driven when you've had perhaps too much to drink?" b A one-year lag between the Alcohol Policy Scale (APS) exposure variable and alcohol-impaired driving outcome was assessed (APS scores in year X were associated with alcohol-impaired driving prevalence in year X + 1 a Alcohol-impaired driving data were obtained from Behavioral Risk Factor Surveillance System surveys and were defined by self-report of any number above zero in response to the question "During the past month, how many times have you driven when you've had perhaps too much to drink?" b A one-year lag between the Alcohol Policy Scale (APS) exposure variable and alcohol-impaired driving outcome was assessed (APS scores in year X were associated with alcohol-impaired driving prevalence in year X + 1) using generalized estimating equation models. 
Table 3
Adjusted odds ratios (AOR) of individual-level U.S. adult alcohol-impaired driving
Policy Subgroups and Alcohol-Impaired Driving Outcomes
Within states, there was no statistically significant correlation between drinking-and driving-oriented policy subgroups (r = 0.07; p = .069, data not shown). The drinking-and driving-oriented policy subgroups are shown in separate figures (Figures 3 and 4) in relation to the statelevel prevalence of alcohol-impaired driving. After controlling for one another in adjusted models (Table 4) , both driving-oriented policies and drinking-oriented policies showed significant inverse associations with individual-level impaired driving (AOR for drinkingoriented policies 0.94; 95% CI: 0.91, 0.97; AOR for driving-oriented policies 0.96; 95% CI: 0.95, 0.97). There was no significant interaction effect between the drinkingand driving-oriented policy subgroups for impaired driving outcomes.
Does Binge Drinking Mediate the Relationship between Drinking-Oriented Policies and Impaired Driving?
The independent relationship between drinking-oriented policies and impaired driving became non-significant after controlling for state-level binge drinking prevalence (AOR 0.98; 95% CI: 0.95, 1.01, data not shown), suggesting that binge drinking mediates the relationship between drinkingoriented policies and impaired driving.
Figure 3
Scatterplot between Alcohol Policy Scale driving-subgroup scores and state alcohol-impaired driving prevalence
Figure 4
Scatterplot between Alcohol Policy Scale drinking-subgroup scores and state alcohol-impaired driving prevalence Table 4 Adjusted odds ratios ( a Alcohol-impaired driving data were obtained from Behavioral Risk Factor Surveillance System surveys and were defined by self-report of any number above zero in response to the question "During the past month, how many times have you driven when you've had perhaps too much to drink?" b A one-year lag between the Alcohol Policy Scale (APS) exposure variable and drinking outcome was assessed (APS scores in year X were associated with alcohol-impaired driving prevalence in year X + 1) in generalized estimating equation models. ------IJADR 4(2) ------
Do Driving-Oriented Policies Moderate the Relationship Between Binge Drinking Status and Impaired Driving?
Compared to those who reported no binge drinking, the odds of impaired driving was 20.8 times higher among those who reported at least one binge drinking episode (p < .0001, data not shown). We found the magnitude of this association to be significantly reduced in states with stronger driving-oriented policy environment (interaction effect between binge drinking status and driving-oriented policies on impaired driving: beta = −0.005; p = .013).
Discussion
To our knowledge, this is the first comprehensive study of evaluating the relationship between the alcohol policy environment and self-reported alcohol-impaired driving. This study had at least four important findings. First, the alcohol policy environment is protective for alcoholimpaired driving, such that in fully adjusted models a 1% increase in the policy environment score was associated with an approximate 1% decrease in impaired driving prevalence. Second, the alcohol policy environment explains a substantial proportion of the variation between states in terms of impaired driving prevalence and frequency. Third, both drinking-oriented and drivingoriented policy subgroups are independently associated with reduced impaired driving. And fourth, binge drinking mediates the relationship between drinking-oriented policies and impaired driving, and driving-oriented policies moderate the relationship between binge drinking and the likelihood of impaired driving. Our findings were similar when using different lag periods between the policy environment and impaired driving outcomes; they were consistent in individual years as well as for all years combined; they were similar in state-and individual-level analyses; and they were consistent when using different statistical models that account for clustering of repeated measures of the same state over time (i.e., GEE models, longitudinal models).
Our findings showed a possible mediating mechanism where reduced binge-drinking prevalence could explain the relationship between stronger alcohol policy environments and lower likelihood of impaired driving. More stringent policies likely reduce binge drinking, and reduced binge drinking could lower the number of alcohol-impaired persons who may engage in impaired driving. Furthermore, stronger policies can lower alcohol consumption; as a result, relatively lower blood alcohol content among those who are impaired could facilitate better judgment and further reduce the likelihood of deciding to drive under the influence of alcohol.
Although the alcohol policy environment is conceptualized as the combined effect of multiple concurrent policies and operationalized as composite policy measures, prior work has shown that alcohol taxes strongly predict binge drinking among adults and youth , and the most effective policies, such as alcohol taxation and outlet density, accounted for approximately half of the effect magnitude observed for all policies in predicting adult binge drinking (Xuan et al., 2015 Furthermore, although the likelihood of impaired driving is substantially higher among binge drinkers compared to those who reported no binge drinking, we found that the driving-oriented policy environment moderates such relationships (e.g., where stronger driving policies reduced the likelihood of driving under the influence of alcohol even among those who reported binge drinking). This finding is consistent with our expectation. For instance, in states where sobriety checkpoints are conducted, the awareness of possible apprehension and penalty might reduce the likelihood of binge drinkers to drive a motor vehicle after impairment.
Relationships between policy environment and impaired driving appear to be consistent within sex and age groups but different across race/ethnicity factors, which is a finding similar to prior work examining the relationship between policy environment and adult binge-drinking measures (Xuan et al., 2014) . In these studies, we observed no statistically significant relationships among nonHispanic Black or Hispanic participants. Relative to nonHispanic Whites, both Black and Hispanic adults have lower alcohol consumption; therefore, we may have omitted potential factors that may have accounted for differential effects on the basis of race and ethnicity. Further investigation is warranted.
We are aware of two studies that have examined the overall effect of multiple policies on alcohol-impaired driving or alcohol-related crash fatalities in the United States (Cohen, Mason, & Scribner, 2002; Shults et al., 2001) . A crosssectional study by Shults et al. (2001) found an inverse relationship between an eight-component report card of drinking and driving countermeasures and self-reported impaired driving in states (Shults et al., 2001) . A study of local alcohol policies and alcohol-related crash fatalities by Cohen et al. (2002) assessed latent factors extracted from 20 alcohol policies and regulations using a cross-sectional survey of Alcohol Beverage Control (ABC) agencies and local police departments in 97 cities (Cohen et al., 2002) . Compared to cities with > 15 regulations, those with < 9 regulations had 1.46 times the rate of alcohol-related crash deaths per vehicle mile travelled. Per capita beer consumption was identified as a potential mediator between policies and alcohol-related crash fatalities.
In previous work, we found that policy environment scale scores (based on efficacy ratings for reducing binge drinking rather than impaired driving) were strongly ------IJADR 4(2) ------associated with reduced binge drinking among adults in U.S. states (Naimi et al., 2014) . The similar findings between the two studies underscore the hand-in-glove relationship between binge drinking and impaired driving (Birdsall et al., 2012; Centers for Disease Control and Prevention, 2011; Flowers et al., 2008) . As such, it was not surprising to see that drinking-oriented policies had an independent and slightly stronger inverse relationship with impaired driving relative to driving-oriented policies. It is important to note that there are fewer driving-oriented policies than drinking-oriented policies, which may partly explain this finding. On the other hand, having more available policies to reduce drinking reflects policy reality in the United States and represents an important opportunity for impaired driving prevention. This is especially true since states have not enacted policies to reduce excessive drinking at the same level as those policies intended to reduce driving among people who are already impaired (e.g., based on the APS scores for the drinking-versus driving-oriented policy subgroups in states as illustrated in Figures 3 and 4) . In other words, in most states there is a greater opportunity for improvement in terms of adopting and aggressively implementing drinkingoriented policies, although there is a great need to strengthen driving-oriented policies as well.
This study is subject to caveats and limitations. Taken alone, our finding is largely associative in nature and conclusions about causality must be tempered. However, while it is possible that public opinion supporting more restrictive alcohol and driving policies may be driving the outcomes rather than the policies themselves, comprehensive reviews of effective alcohol and impaired driving policies have been based primarily on longitudinal analyses in which the effect of policy is assessed after the policy is enacted, thus controlling for prevalent attitudes that led to adoption of those policies in the first place (Campbell et al., 2009; Elder et al., 2010; Hahn et al., 2010; Middleton et al., 2010; Rammohan et al., 2011; Shults et al., 2001) . There is strong evidence from other studies that implementing effective policies lead to changes in alcohol consumption and related outcomes.
The purpose of this study was to assess effects of state policies. The policy scales did not include policies that are promulgated at the national, county, or local levels (e.g., alcohol marketing in mass media, county-level alcohol taxes). In addition, some policies nominated as effective did not have reliable cross-state data about their presence or provisions and were therefore not included in our APS scoring system. We also acknowledge that the efficacy ratings and implementation ratings for any given policy may be informed by an incomplete and limited evidence base and that a different group of investigators or policy panelists might have differing opinions about what constitutes key provisions of a given policy (Nardo et al., 2005) .
Enforcement is a theoretically important component of policy implementation for some policies (Ritter, 2007) , but there are no reliable, publicly available cross-state data about enforcement, even for specific policies. We addressed this limitation by including policy provisions that made particular policies enforceable, by including the number of ABC officials with enforcement capability as an alcohol policy in our scales, and by controlling for the number of police officers per capita as a state-level control variable. However, all limitations related to the imprecision of the exposure or outcome variables may have attenuated our findings and likely biased the results towards the null hypothesis. BRFSS estimates are subject to survey non-coverage and non-response biases but are reliable for comparisons across states, which was the focus of our analyses (Nelson, Naimi, Brewer, & Roeber, 2010; Paschall, Ringwalt, & Gitelman, 2010) .
At last it should be noted that the BRFSS began to use a gender-specific definition of binge drinking (5 drinks for men, 4 drinks for women) in 2006. The change of definition likely changed the binge drinking prevalence among women. However, it is unlikely the change in the binge drinking definition altered the overall findings in this study, because the majority of binge drinkers are men, and the relationships between policy environment and binge drinking were similar between men and women (Xuan et al., 2014) .
Despite these limitations, the development of the APS establishes the groundwork for further studying the effect of the alcohol policy environment in the United States and for subsequently assessing the relative impacts of combinations of related policies for reducing alcoholrelated mortality outcomes, including alcohol-related driving fatalities.
Overall, our findings support the importance of comprehensive alcohol policies as an effective means to reduce alcohol-impaired driving and further indicate that strengthening drinking-oriented policies (e.g., increasing alcohol taxes) is a critical component of an overall policy approach.
